Background: To establish and maintain their polarized morphology, neurons employ active transport driven by molecular motors to sort cargo between axons and dendrites. However, the basic traffic rules governing polarized transport on neuronal microtubule arrays are unclear.
Introduction
A neuron's ability to receive, process, and transmit information depends on its polarized organization into axons and dendrites. Whereas axons transmit signals by releasing neurotransmitters from synaptic vesicles, dendrites receive information via neurotransmitter receptors [1] [2] [3] . To establish and maintain this complex morphology, neurons employ active transport driven by microtubule-based motor proteins to sort cargo (such as synaptic vesicles and glutamate receptors) between axons and dendrites [4] . These motor proteins drive cargo transport by moving along microtubules to their plus end (most kinesins) or minus end (dynein) [5, 6] .
Although many different microtubule-based motor proteins have been found to participate in neuronal cargo transport, the basic principles underlying polarized transport are unknown [4, 6, 7] . Motors could move cargo specifically into axons or dendrites or, alternatively, move nonspecifically while cargo is selectively retained at the required destination [4, [7] [8] [9] . Current models for polarized transport heavily rely on microtubule plus-end-directed kinesin family members [4, 10, 11] , but to what extent these motors distinguish between axons and dendrites has remained unclear.
Whereas in mature neurons axonal microtubules have uniform orientations with all plus ends pointing outward, microtubules in mature proximal dendrites have mixed orientations [12] [13] [14] [15] [16] . This raises important questions about the establishment of directional transport in dendrites. First of all, how can directional transport be established if plus-and minusend-directed motors themselves can move bidirectionally on mixed microtubule arrays in dendrites? Whereas in axons selective activation of either kinesin or dynein will determine the direction of transport, selective activation of unidirectional motors on a uniformly mixed microtubule array will not determine directionality unless motor proteins use subsets of uniformly oriented microtubules. Second, the presence of minus-end-out-oriented microtubules in dendrites suggests that recruitment of the microtubule minus-end-directed motor protein dynein could establish selective transport from the cell body to dendrites [17] . Indeed, dynein has been implicated in dendritic transport in Drosophila neurons [18, 19] , where microtubules in dendrites have uniform polarity opposite to that of axons (i.e., with all minus ends pointing outwards) [20] . However, whether dynein plays a role in dendrite-specific transport in mammalian neurons, where polarity is mixed and plus-end-out microtubules dominate more distally, is unknown.
Here we investigate the role of dynein in dendrite-selective cargo transport. We show that dynein inhibition disrupts the dendrite-specific localization of AMPA receptors. Directly addressing how specific motors contribute to neuronal transport is challenging because vesicular cargos typically have multiple types of motors attached whose activities are often highly regulated [6, 21] . Therefore, visualizing cargo trafficking does not necessarily report the activity of specific motors. To directly examine how motors contribute to polarized dendritic cargo transport, we established a trafficking assay in hippocampal neurons to selectively probe specific motor protein activity. This revealed that, whereas kinesin-1/Kif5 and kinesin-2/Kif17 predominantly target the axon, dynein motors drive cargo selectively into dendrites. Inside dendrites, dynein drives bidirectional transport with equal speeds and burst lengths in both directions. Numerical and mathematical modeling revealed how bidirectional movement on mixed microtubule arrays results in efficient dendritic targeting with a limited number of vesicles. Together, our results establish a key role for dynein in driving cargo transport selectively into dendrites.
Results
Dendrite-Specific Targeting of GluR2 Depends on Dynein AMPA-type glutamate receptors are selectively transported to dendrites in mature hippocampal neurons [22] (Figures 1A  and 1B) . To examine the role of dynein in the dendritic trafficking of AMPA receptor GluR2 subunits, we inhibited dynein *Correspondence: c.hoogenraad@erasmusmc.nl function by overexpressing GFP-tagged p50/dynamitin [23] . We observed that hippocampal dendrite morphology was severely impaired upon dynein inhibition (see Figures S1A-S1D available online), consistent with a role for dynein in targeting dendritic cargo. Moreover, the GluR2 distribution in GFP-p50-expressing neurons was dramatically different from controls; GluR2 labeling was no longer exclusively present in dendrites, but now also appeared in the axon ( Figure S1E ). Comparing GFP-p50 neurons to GFP controls by measuring the immunofluorescence intensity demonstrated a decrease in endogenous GluR2 in the dendrites as well as an increase in the axon ( Figure 1E ). In contrast, kinesin-1 inhibition did not affect GluR2 levels in axons nor dendrites (data not shown). Coexpression of HA-tagged GluR2 subunits and GFP-p50 confirmed the loss of polarized GluR2 distribution upon dynein inhibition ( Figures 1A-1D , Figures S1F and S1G).
To further quantify GluR2 distribution in GFP-p50 neurons, we measured both the average dendrite intensity I d and average axonal intensity I a and calculated the polarity index (PI) by using PI = (I d 2 I a )/(I d + I a ). For uniformly distributed proteins I d = I a and PI = 0 (a-tubulin: 0.02 6 0.06, Figure 1F ), whereas PI > 0 or PI < 0 indicates polarization toward dendrites and axons, respectively (MAP2: 0.98 6 0.04, tau: 0.98 6 0.05, Figure 1F ). GluR2 staining in control neurons yielded a PI of 0.85 6 0.07 ( Figure 1G ), comparable with the dendritic marker MAP2. In GFP-p50 neurons, the PI of GluR2 is 20.01 6 20.06 and similar to nonpolarized a-tubulin, indicating that GluR2 was now uniformly distributed in both axons and dendrites ( Figure 1G ). These data demonstrate that the microtubule minus-end-directed motor protein dynein is essential for polarized sorting of AMPA receptor GluR2 subunits. Upon dynein inhibition, dendrite morphology and polarized neuronal transport are lost and dendrite specific cargo (such as AMPA receptors) enters the axon.
Inducible and Selective Cargo Binding of Specific Microtubule-Based Motor Proteins
We hypothesized that activation of specific motor proteins governs the sorting both to axons and to dendrites and wanted to test whether dynein motor recruitment to cargo is sufficient to establish dendrite-specific targeting. Probing selective motor proteins with endogenous carriers (such as AMPAreceptor-containing vesicles) is challenging because these cargos typically have different types of motors attached, precluding direct determination of the active type of motor that is driving vesicle motility at any given moment. We therefore developed a well-controlled trafficking assay in hippocampal neurons that allows inducible recruitment of specific motor proteins to drive cargo transport. In this assay, addition of a cell-permeable small molecule during live-cell imaging triggers the binding of specific kinesin or dynein motor proteins to stationary peroxisomes, which then report the activity of that particular motor (Figure 2A ). Peroxisomes are labeled by expressing PEX-RFP-FKBP, a fusion construct of PEX-RFP, peroxisomal targeting signal coupled to the red fluorescent protein (RFP), and FKBP12, a domain that can be crosslinked to a FRB domain via an analog of the natural product rapamycin (AP21967, henceforth called rapalog1) [24] . Truncated kinesin motors or dynein-dynactin interacting proteins, which are known to be constitutively active without interference of regulatory pathways [25, 26] , were fused to a FRB fragment and coexpressed with PEX-RFP-FKBP.
We first tested the trafficking assay in COS-7 cells, which contain radial microtubule arrays consisting of long microtubules running from the centrosome. In the absence of rapalog1, most peroxisomes were distributed nearby the cell center and relatively immobile ( Figures 2B-2F , see also Movie S1). Furthermore, rapalog treatment of cells only expressing PEX-RFP-FKBP did not induce motility. In contrast, addition of the rapalog1 to cells coexpressing the plus-end-directed motor proteins Kif5-FRB (Kinesin-1) or Kif17-FRB (Kinesin-2) induced a rapid redistribution of peroxisomes to the cell periphery, where most microtubule plus ends are located ( Figures 2B-2E , Movie S1), consistent with a selective activation of plusend-directed motors. To selectively probe movement driven by minus-end-directed dynein, we used the N terminus of the dynein-dynactin interacting protein BICD2 fused to FRB [26] . Addition of rapalog to cells expressing PEX-RFP-FKBP and BICDN-FRB resulted in the strong redistribution of peroxisomes to the center of the cell, where most minus ends are located ( Figure 2F , Movie S2). These results demonstrate that our strategy successfully recruits the motor of interest to peroxisomes to induce their motility.
To test whether our approach reports specific unidirectional motor activity, we examined peroxisome movement on individual microtubules. COS7 cells expressing Cherry-a-tubulin, PEX-GFP-FKBP, and BICDN-FRB or Kif5-FRB were visualized with high-speed dual-color total internal reflection microscopy (TIRFM), which allowed individual microtubules and peroxisomes to be imaged side by side. Before induction, most peroxisomes were immobile, without apparent colocalization with microtubules. Upon addition of rapalog, more and more vesicles moved on microtubules. All vesicles moving on a given microtubule moved in the same direction and reversals were not observed, indicating that the motors recruited to the peroxisomes functioned without interference of oppositely directed motors ( Figures 2G-2M , Movies S3 and S4). Interestingly, vesicles still frequently changed direction, but only by switching to a differently oriented microtubule ( Figures 2H, 2I, 2L, 2N , and 2O). Together with the experiments that revealed a robust accumulation in either the cell periphery or cell center ( Figures 2B-2F) , these results validate our strategy in which peroxisomes report on the unidirectional motility of specific motors recruited to it by inducible dimerization.
Dynein Can Drive Anterograde Transport in Dendrites
To examine motor-specific motility on neuronal microtubule networks, we next performed our assay in mature hippocampal neuron cultures. In neurons with moderate expression of PEX-RFP-FKBP, peroxisomes were largely immobile and predominately localized to the somatodendritic compartment ( Figures 3B and 3E) . Addition of rapalog1 to neurons coexpressing Kif5-FRB or Kif17-FRB induced a rapid burst of peroxisomes from the cell body into the axon ( Figures 3A-3C , 3G, and 3H, Figures S2A and S2B , Movie S5). Addition of rapalog1 to neurons coexpressing BICDN-FRB and PEX-RFP-FKBP caused the perinuclear accumulation of several peroxisomes (Movies S6 and S9). However, many other peroxisomes moved away from the cell body into the primary dendrites but never entered the axon ( Figures 3D-3F and 3I, Movies S6 and S9; see also Figures 4 and 5) . Measuring the intensity change in axons and dendrites and calculating the PI values over time directly demonstrated that, whereas Kif5 and Kif17 predominantly drove transport into axons, dynein motors drove cargo selectively into dendrites (Figures 3G-3M) .
Although Kif5 and Kif17 predominantly targeted the axon, both could induce motility of cargo already present inside dendrites ( Figures S2C-S2E ). Unlike Kif5, Kif17 recruitment also slightly increased the number of peroxisomes inside dendrites ( Figure 3K ). To test whether Kif5 exclusion from dendrites depended on the microtubule modifications typically found on stable (axonal) microtubules [27] [28] [29] , we treated neurons with low doses of paclitaxel to stabilize the microtubules in axons and dendrites [29] . In these conditions, Kif5-driven peroxisomes now also targeted dendrites ( Figures  3J-3M) , consistent with earlier work demonstrating a strong preference of Kif5 for stable microtubules [28] [29] [30] .
Upon rapalog1 addition, peroxisomes moved unidirectionally on individual microtubules in COS-7 cells, indicating that the motors recruited to the peroxisomes functioned without strong interference of oppositely directed motors ( Figures  2G-2M) . Nevertheless, peroxisomes in neurons might still have motors attached that influence their motility. We therefore developed an alternative method in which motor proteins drive the transport of exogenous fluorescent protein particles, also referred to as the PIM (particles induced by multimerization) trafficking assay ( Figure 4A) . Here, the peroxisomal targeting sequence was replaced by FKBP*, a domain that homodimerizes upon addition of AP20187 ( Figure 4A ). In COS-7 cells expressing FKBP*-RFP-FKBP, addition of AP20187 (from now on called rapalog2) led to the formation of uniform red fluorescent particles, and coexpression with BICDN-FRB and addition of both rapalog1 and rapalog2 induced a rapid redistribution of these particles to the cell center ( Figures  4B and 4C) , similar to the peroxisome assay. Consistently, in hippocampal neurons, BICDN-FRB was capable of redistributing the fluorescent particles out of the axon and into dendrites ( Figures 4D and 4E) . These results validate our strategy to use peroxisomes to report on the unidirectional motility of specific motors and show that dynein drives dendritic cargo transport independent of its molecular context.
Dynein Targets Dendrites through Bidirectional Runs
To examine in more detail the dynamics of dynein-driven motility in dendrites, we studied the trajectories of individual peroxisomes at high acquisition rates (every one or two seconds, Figures 5A-5D ). We observed that after induction peroxisomes targeted the dendrites with bidirectional runs (Figure 5D and Movies S9 and S10). Acquisition of zoomed regions at increased frame rates (5-10 frames/s, Figure 5E ) revealed that the motility of peroxisomes in dendrites had three components. Vesicles either moved anterograde at constant velocity (mean velocity 6 standard error of the mean [SEM]: 1.05 6 0.04 mm/s, mean burst length 6 SEM: 2.6 6 0.2 mm, n = 100 bursts), paused or moved retrograde at a similar velocity (1.08 6 0.05 mm/s, mean burst length 6 SEM: 2.6 6 0.2 mm, n = 62 bursts). This resembles the behavior observed at microtubule intersections in COS-7 cells ( Figures  2N and 2O) , suggesting that pauses and reversals are caused by the interaction with oppositely oriented microtubules.
Dendrite-specific bidirectional runs were also observed with BICDN-FRB recruited to PIM, excluding a role for plus-enddirected motors in the bidirectional motility ( Figure 5F ). To further strengthen the above findings, we created a minimal processive minus-end-directed motor construct by using a truncated form of dynein heavy chain (Figure 2A) . DHC(1453-4644), comprising the microtubule binding site and catalytic AAA ring, but not the putative dimerization domain, was fused to both FKBP and FKBP*. Addition of rapamycin to an analogous construct based on yeast dynein has previously been shown to induce its (slow) unidirectional motility in a cell-free system [31] . Consistently, our construct induced bidirectional dendritic motility of peroxisomes upon addition of both rapalog1 and rapalog2 ( Figure 5G ), albeit at a slower pace than with BICDN, suggesting that efficient dynein motility requires additional regulatory elements absent in the truncated DHC construct. Altogether, these results indicate that dynein drives transport from the cell body into dendrites by exploiting the mixed polarity of microtubules in dendrites.
Modeling Dynein Motility on Mixed Polarity Bundles
Intuitively, bidirectional runs seem inefficient to transport cargo. However, unbiased bidirectional runs of 2.7 mm at 1.1 mm/s would resemble one-dimensional diffusion at 1.5 mm 2 s 21 [32] , which is much faster than passive motility observed for organelles inside cells (1-50 3 10 24 mm 2 s 21 ) [33] . Moreover, a dynein-driven random walk cannot occur in axons and is therefore sufficient to establish dendrite selectivity. Nevertheless, motility cannot be totally unbiased, because more microtubules are oriented with their plus ends outward in distal dendritic regions [12] , possibly preventing dyneindriven anterograde transport to these regions. To examine the targeting efficiency and expected particle density for dynein-driven transport on nonuniform microtubule arrays, we numerically modeled vesicle behavior on different types of mixed polarity arrays ( Figure S3, Figures 5H-5J ). Both uniform microtubule orientations ( Figure S3C ) and uniformly mixed orientations ( Figure S3D ) resulted in a constant particle density along the dendrite length ( Figures S3F and S3G) , although the time to establish a stable density was longer with mixed orientations (wL 2 /vl versus wL/v [uniform], with L the dendrite length, v motor velocity, l the directional burst length). Mixed arrays with a gradient of minus ends, as observed experimentally [12] (Figures S3A and S3B) , displayed uniform cargo density in the first part and a gradually attenuating density in the second part ( Figures S3E and S3H ). For a dendrite of 100 mm and a burst length of 3 mm, the density at 75 mm was reduced by w90% ( Figure S3H ). We then derived a general mathematical expression for the expected equilibrium particle density and could successfully describe all final density profiles obtained from the simulations ( Figures  S3F-S3H , see Supplemental Information for derivation).
As expected, particles on uniform arrays never turned back and piled up at the dendrite tip ( Figure S3C) . Consequently, maintaining a constant density required ever more particles to enter the dendrite ( Figure S3I ). In contrast, the number of dendritic particles saturated in both scenarios with mixed orientations and a constant number of particles was sufficient to maintain the equilibrium density (Figures S3J and S3K) .
These results indicate that bidirectional runs provide an efficient mechanism to maintain a stable density with a limited number of vesicles.
Dynein Recruitment Redistributes Axonal Cargo into Dendrites
We have shown that dynein inhibition causes dendrite-specific cargo (GluR2) to mislocalize to the axon (Figure 1) . We furthermore showed that dynein can autonomously drive peroxisomes and PIMs into dendrites (Figures 3-5) . We finally wanted to test whether dynein could redistribute axon-specific cargo into dendrites. Synaptophysin, a glycoprotein present in the membrane of presynaptic vesicles, was fused to FKBP and GFP and coexpressed with BICDN-FRB. Addition of rapalog1 resulted in a marked decrease of the axonal intensities, as well as increase of dendritic intensity ( Figure 6) . These results directly demonstrate that, in addition to driving retrograde transport in axons, dynein functions in neurons to drive anterograde transport into dendrites.
Discussion
In this study, we establish a key role for dynein in the dendritespecific targeting of neuronal cargo. We found that dynein inhibition disrupts the polarized distribution of dendritespecific GluR2 and severely impairs dendrite morphology. To selectively probe specific microtubule-dependent motors in neurons, we have developed a new intracellular transport assay and found that motor activity itself is highly polarized between axons and dendrites. Kinesin motors predominantly drive transport into axons, whereas minus-end-directed dynein selectively drives transport into dendrites. These two extreme targeting preferences provide a neuron with a straightforward mechanism to selectively transport cargo into axons or dendrites by recruiting or activating the proper motor protein.
Axonal targeting of kinesin-1 is consistent with earlier work demonstrating preferential axonal localization [29, 30, 34] and most likely depends on microtubule modifications that enhance kinesin binding [27, 29, 30, 35] . This is supported by our finding that upon treatment with paclitaxel, which stabilizes all microtubules and allows them to accumulate more modifications, kinesin also efficiently targets dendrites. Dynein motility, on the other hand, appears governed predominantly by microtubule orientations rather than modification. The uniform orientations in axons prevent dynein entry, whereas the mixed orientations in dendrites result in bidirectional runs with similar speeds and burst lengths in both directions. Dynein Sorts Dendritic Cargo Recent work revealed the existence of an actin-based sieve in the axon initial segment that prevents entry of large thermally diffusing macromolecules [11] . Whereas individual Kif5 and Kif17 motor proteins could still move through this barrier, some motor-cargo combinations could not. It was proposed that kinesin-cargo combinations with high efficacy could cross the barrier and target the axon (Kif5 plus cargo), whereas combinations with reduced efficacy (Kif17 plus cargo) would automatically target dendrites [11] . In contrast, other recent data suggested that Myosin-V functions at the initial segment to actively return mislocalized dendritic cargo to the soma [10] . Cargo with both kinesin and Myosin-V attached would thus be excluded from the axon and subsequently target dendrites. Both models imply kinesins as the key motors for transport into axons as well as dendrites, requiring a passive (sizebased) or active (myosin-based) exclusion mechanism at the axon initial segment to establish dendrite selectivity.
Our results demonstrate that Kif5 and Kif17 predominantly target axons and not dendrites. Preventing kinesin-driven cargo from entering the axon would therefore not be sufficient to target them to dendrites. Furthermore, our observation that Kif17 has enough efficacy to drive peroxisomes into axons reveals that a purely size-based filter is insufficient to prevent axon entry of kinesin-driven cargo. Instead, our data support a model for dendritic transport in which dynein activity establishes the initial cargo sorting from the cell body to the dendrites and kinesin motors can contribute to cargo motility once cargo is inside dendrites (Figures 7A-7D) . A specific role for Kif17 in the distal targeting of glutamate receptors has been reported previously [36] and is further supported by our observation of Kif17-driven bidirectional runs inside (distal) dendrites. The Myosin-V-based axon blockage mentioned above probably functions as a safety mechanism to correct any axon entry that might result from kinesin motors already loaded onto dendrite-destined cargo.
Mixed Microtubules Govern Dendritic Transport
We have shown that in dendrites of hippocampal neurons, where microtubule orientations are mixed, dynein-driven cargo moves bidirectionally. These data indicate that dynein motor proteins do not selectively recognize a subset of uniformly oriented microtubules. In fact, our modeling revealed that bidirectional motility establishes an efficient way to maintain a stable density of particles with a limited number of vesicles. Unlike in axons, where most cargo needs to target termini far away from the cell body, much transport in dendrites eventually targets postsynaptic sites, located along the whole length of the dendrites. Our data and quantitative modeling demonstrate that dynein drives cargo from soma into the dendrites and subsequently maintains a constant density of available cargo by moving it back and forth in the dendrite. Consistently, bidirectional motility is a general characteristic of most dendritic vesicle transport [37] [38] [39] . Once cargo is wandering inside the dendrite, final targeting could be regulated more locally and achieved through selective retention by target sites and/or specific delivery by additional microtubule-dependent motors, such as Kif17 and Kif5 [36, 40, 41] , or actin-dependent motors, such as Myosin-V, for selective transport into dendritic spines [42] .
In summary, we propose a model for dendritic transport in which dynein establishes the initial cargo sorting from the cell body to the dendrites and kinesin motors can assist in cargo motility once the transport vesicle is inside dendrites (Figures 7A-7D ).
Experimental Procedures
DNA constructs, immunohistochemistry, imaging and analysis of fixed neurons, live-cell data processing, simulations, and analytical modeling are described in the Supplemental Experimental Procedures.
Cell Cultures and Transfection COS-7 cells were cultured in DMEM/Ham's F10 (50/50%) medium containing 10% FCS and 1% penicillin plus streptomycin. Two to three days before transfection, cells were plated on 24 mm diameter coverslips. COS-7 cells were transfected with Fugene6 transfection reagent (Roche) according to the manufacturer's protocol and grown for 16 hr.
Primary hippocampal cultures were prepared from embryonic day 18 (E18) rat brains [43, 44] . Cells were plated on coverslips coated with poly-L-lysine (30 mg/ml) and laminin (2 mg/ml) at a density of 75,000/well. Hippocampal cultures were grown in Neurobasal medium (NB) supplemented with B27, 0.5 mM glutamine, 12.5 mM glutamate, and penicillin plus streptomycin. Hippocampal neurons were transfected at DIV13 with Lipofectamine 2000 (Invitrogen). DNA (3.6 mg /well) was mixed with 3 ml Lipofectamine 2000 in 400 ml NB, incubated for 30 min, and then added to the neurons in NB at 37 C in 5% CO 2 for 45 min. Next, neurons were washed with NB and transferred to the original medium at 37 C in 5% CO 2 for 2 days.
Live-Cell Image Acquisition
Time-lapse live-cell imaging was performed on a Nikon Eclipse TE2000E (Nikon) equipped with an incubation chamber (Tokai Hit; INUG2-ZILCS-H2) mounted on a motorized stage (Prior). Coverslips (24 mm) were mounted in metal rings, immersed in 0.6 ml standard culture medium, and maintained at 37 C (and 5% CO 2 ). COS-7 cells were imaged in Ringer's solution (10 mM HEPES, 155 mM NaCl, 1 mM CaCl 2 , 1 mM MgCl 2 , 2 mM NaH 2 PO 4 , 10 mM glucose, pH 7.2) without CO 2 present. For most acquisitions, 4-6 cells were selected and imaged every 10-15 s for 30-60 min with a 403 objective (Plan Fluor, NA = 1.3, Nikon) and a Coolsnap HQ camera (Photometrics). A mercury lamp (Osram) was used for excitation. For rapid imaging of microtubules and peroxisomes side-by-side (Figures 2F-2N) , two-color laser TIRFM with a 1003 objective (Apo TIRF, NA = 1.49, Nikon) was performed as described previously [45] . Data shown in Figures 2F-2N as well as Figure 5E were acquired on a EMCDD (QuantEM, Roper Scientific) with the 1003 objective, plus additional 2.53 magnification. All other data shown were acquired on the Coolsnap HQ with the 403 objective.
Rapalog1 (AP21967) and rapalog2 (AP20187, both Ariad Pharmaceuticals) were dissolved to 1 mM in Ethanol. For induction of motility during image acquisition, 0.2 ml of culture medium (neurons) or Ringer's solution (COS-7 cells) with rapalog1 (4 mM) was added to establish a final rapalog1 concentration of 1 mM. In experiments using rapalog2 and rapalog1, 0.2 ml of 4 mM rapalog2 was first added, followed by 0.2 ml of 5 mM rapalog1. In neurons expressing PEX-RFP-FKBP to high levels, motile PEX-positive vesicles were occasionally found in the axon. Therefore, neurons without axonal RFP labeling were selected. To optimally address axon-or dendrite-specific targeting, we selected neurons with peroxisomes predominantly located to their cell body. To probe Kif5 motility after paclitaxel treatment, we added paclitaxel to 200 nM to the culture dish 5 hr before the experiment.
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